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(57) Abstract 


This invention relates to methods for ultrasound imaging utilizing a gas or mixture of gases capable of forming bubbles af- 
ter administration* 
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nt.TRAS Qnwo contrast agents 

The pr sent invent! n relates t compositions 
useful f r ultrasound imaging and t the use f such 
compositions . 

Since the early days of the use of ultrasound f r 
in vivo diagnostic imaging, there has been an ongoing 
interest and effort to discover and develop agents 
suitable for providing contrast to the ultrasound 
image*. Generally, gases have been found to provide 
the best contrast for intravascular images. The 
earliest success may have been the work of GramiaX et 
•1., R fl'" w1aav 92 . 939-948 (1969), wherein they 
demonstrated enhanced echogenicity following the rapid 
intravascular injection of various solutions in 
humans. Of those tested, the most echogenic was th 
dye indocyanine green which was observed to have 
present in the bottle a minute amount of foam to which 
the contrast effect was attributed. Since then, many 
accounts of echogenic contrast have been reported f r 
right heart studies, e.g. shunt detection, after i.v. 
injection of agitated solutions, including blood, 
saline* X-ray contrast agent and the like, the 
agitation forming visible and smaller bubbles within 
the solutions. However, such agents injected 
intravenously are restricted to right, heart imaging 
since the bubbles produced are too large to pass the 
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capillary bed of the lungs wh re the bubbles are 
trapped and easily broken. The use of such bubbles on 
th left side f the heart has b en limit d sine the 
requirement of placing an arterial catheter is 
> generally inconsistent with the noninvasive nature of 

the ultrasound •xamination. To provide for gas 
bubbles which can traverse the capillary bed of the 
lungs and provide for ultrasound echogenicity of the 
arterial circulation and organs subserved by the 
arterial circulation, most attempts have featured 
efforts to entrap or encapsulate gases within small 
size-controlled microspheres or particles composed, 
for example, of albumin, gelatin, sugars and the like. 
Such encapsulated gases may then be protected from 
trapping and breakage during passage through the 
pulmonary circulation. Although a number of early 
attempts were made to provide for this performance 
property, it was not until the »id-1980's that such 
agents were discovered as described in Feinstein U.S. 

20 4,718,«3. 

Although these early attempts provide for 
contrast of the arterial circulation, they hav 
certain disadvantages in their use. Such 
disadvantages include the need for some agents to b 
infused continuously or injected frequently in order 
to provide ongoing contrast because of the lability of 
these bubbles to the pressures encountered in the 
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arterial circulation. In these cases, relatively high 
doses f the encapsulating materials may need to be 
administered which may affect the safety of the 
agents. As well, the need to administer these agents 
S by intravenous injections carries all the attendant 

disadvantages of accessing the vascular space, i.e. 
the needle puncture and risJc. of bleeding, clotting, 
hematoma, and disease transmission (hepatitis, etc.) 
Finally, none of these agents have a demonstrated 
10 ability to cross the capillary endothelium and enter 

the nonvascular extracellular fluid space or the 
intracellular space, therein limiting their usefulness 
to blood vessel contrast and not permitting tissu 
perfusion data in a manner similar to the well- 
established nuclear medicine procedure employing 
thallium-201 for heart imaging studies. Hence, th 
current agents offer a less than optimal method t 
provide for arterial ultrasound contrast. 

An object of the present invention is to provide 
ultrasound agents which would obviate or lessen the 
problems and disadvantages cited above. 

This invention relates to ultrasound contrast 
agents comprising pharmaceutical^ acceptable gases or 
gas mixtures capable of forming gas bubbles after 
25 administration in the arterial and/or arteriolar 

circulation and the tissues supplied by said 
circulation of a warm blooded animal. The gas bubbles 
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ar f appr priata size t enhanca ultrasound imaging. 
It was quit surprising, and contrary t teachings in 
physiology and pharmac 1 gy, that selected gases r 
gas mixtures after administration form gas bubbles 
within the arterial circulation under conditions which 
provide for diagnostic ultrasound contrast imaging in 
both 2D echo and Dopplsr contrast procedures. Mor 
importantly, these gases can be transported across the 
capillary and cell membranes and reform bubbles within 
the extracellular and intracellular space of the 
tissue to be imaged. 

Another feature of this invention is the use of 
these agents to enhance the contrast of a diagnostic 
ultrasound procedure on a warm blooded animal. Still 
another feature is a sterile composition comprising 
the agent. Another feature is the use of said 
compositions to enhance the contrast of magnetic 

resonance imaging. 

The gases and gas mixtures useful in the practice 
of this invention are best composed of gases which 
tend to form larger bubbles in the blood and tissues 
and might be typified by xenon and nitrous oxide and 
other weaXly active general anesthetics such as sulfur 
hexafluoride. However, many other types of nontoxic 
gases, such as other perfluorocarbons, would be 
useful, provided they form bubbles in the blood of the 
appropriate size. Furthermore, the use of gas 
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mixtures under varying conditions f barometric 
pressure are useful and advantage us. For exaopl , 
aaximua bl od/tissue contrast Bight be expected in 
cases where the inhaled partial pressure of the gas 
mixture is retained at a high percentage of the 
Inhaled gases and the barometric pressure of the 
environment is reduced. In this situation, the size 
of the bubbles should grow and provide enhanced tissue 
contrast. Conversely, decreased contrast might be 
expected with smaller bubbles and, in cases wherein 
the subject is imaged under hyperbaric conditions, the 
latter compressing the gas back into solution. It may 
be possible to provide an assessment of relative 
differences in tissue perfusion merely through the 
inhalation of room air and imaging first under 
bypobaric conditions to optimise contrast and then 
reimage as the barometric pressure is increased t 
monitor the disappearance of contrast. Although such 
may be possible with room air, any differences should 
be enhanced by the inhalation of an optimized gas 
mixture. 

The composition of such ultrasound contrast gas 
mixtures may be varied, but in practice should always 
contain oxygen to insure proper oxygenation if the gas 
is to be inhaled for a significant period of time. 
Typically, the mixture would be of two or three gases, 
but might, on occasion, include more complex mixtures. 
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Tha gas mixtures would be prepared acc rding to ths 
art using th se availabl f r m th fractionati n of 
air (oxygen, carbon dioxide, nitr gen, xenon, arg n, 
krypton, neon, helium, etc.) and those prepared 
synthetically, such as the perf luorocarbons, etc. 
Normally, 15-25% of oxygen is present. 

Although ultrasound contrast may be achievable 
using room air alone or under hypobaric conditions, 
optimized formulations and mixtures would be composed 
of gases which would form bubbles of optimum size in 
the tissues. Typically* these would be. those gases 
which are poorly solubls in oil and somewhat mor 
soluble in water and which would have a low partition 
coefficient when exposed to olive oil, i.e., those 
which would be described as weak or poor anesthetic 
agents (See Goodman 6 Oilman, TtHI Pha , rma , ci?1gqtg Baa l a 
nf ^~„« u ti e s. 8th Ed., 282). Such agents for 
naximum efficacy should have olive oilrgas partition 
coefficients of less than about 5:1 at 37 degree 
centigrade, i.e., body temperature. Agents which 
would not generally be acceptable include the highly 
potent anesthetic methoxyf lurane, and those less 
potent, but very effective, anesthetics such as 
chloroform, cyclopropane, halothane, enf lurane, 
diethyl ether, fluoroxene and enflurane. Gases with 
maximum efficacy would include nitrous oxide, xenon, 
ethylene, sulfur hexafluoride, argon, and the like. 
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The basis on which the vari us gases night be 
optimized would be based on their ilrgas partiti n 
coefficients being reflected in the size of the gas 
bubbles which they form in the body formed within the 
body* Generally, the potent and clinically used 
anesthetics listed above form gas bubbles of 4 microns 
or less, most of which are less than two microns. 
Ultrasound is poorly reflected by such small bubbles 
and therefore these agents would be predicted to 
provide poor contrast especially at safe and/or 
subanesthetic concentrations. However, nitrous oxide 
can form gas bubbles in the body as large as 7-8 
microns, a size which provides for excellent 
ultrasound reflectivity and those gases with similar 
oil: gas partition coefficients, namely, xenon and 
ethylene, would be expected to produce similar siz d 
bubbles in the body (Goodman & Gilman above) • As one 
progresses toward even lower oil: gas partiti n 
coefficients, e.g., sulfur hexafluoride and argon, the . 
sire of the bubbles should continue to increase, 
further enhancing the noted contrast. Although n t 
clearly identified as to point of cut-off, it is 
probable that gases with very low oil: gas partition 
coefficients might become less effective by virtue f 
being too soluble in water. Nitrogen might be such a 
gas under most physiologic conditions and it has an 
oil: gas partition coefficient of about 0.1. Therein 
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the gases t pr vide in viv ultrasound contrast when 
inhal d sh uld ptimally include those with liv 
oil:gas partiti n coefficients between about 10:1 
(high) and about 0.01:1 (low), preferably from about 
5 5:1 (high) to 0.1:1 (low). In addition, any gas 

mixture which needs to be inhaled for any significant 
length of tins in order to provide optimal contrast, 
would need to have oxygen as a necessary component 
gas, usually at about 20* by volume. 
10 Example* of effective gas mixtures would include: 

1) 20* oxygen; 80* sulfur hexafluoride 

2) 20* oxygen; 20* nitrogen; 60* nitrous oxide 

3) 20* oxygen; 20* nitrogen; 60*xenon 

4) 20* oxygen; 20* nitrous oxide; 60* sulfur 
15 hexafluoride 

5) 20* oxygen; 20* xenon; 60* sulfur hexafluoride 

6) 20* oxygen; 20* ethylene; 60* sulfur hexafluoride 
Clearly, a number of the many synthetic f luorocarbon 
gases could be substituted for or added to sulfur 

20 hexafluoride. 

m the practice of this invention, the agents are 
used in the usual manner. The gas or gas mixtures may 
be sterilized prior to administration or administered 
through a sterile filter. For example, an organ or 
tissue would be imaged prior to the administration of 
the gas mixture (s) in order to obtain a. control tissue 
ultrasound signal level. This would be accomplished 
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using on* f the readily available commercially 
marketed ultras und machines such as Acus n, Toshiba, 
Hewlett Packard, ATI* and the like. Then an agent f 
this invention vould be administered by inhalation by 
the use of equipment veil known to the art, either 
from a single gas container with the gases premixed r 
via the use of gas mixing valves and using two or more 
gas containers as' appropriate. The inhaled gas 
mixture would then circulate to the tissues via the 
blood stream and be distributed to each tissue in a 
manner consistent with the blood supply to the tissue. 
By monitoring the ultrasound signal build up, either 
with 20 echo and/or color Ooppler mapping, one could 
compare the blood flow to various tissues over time. 
Clearly, such procedures would be readily repeatable 
following short breathe-out periods and this vould 
allow for both control and stress test studies to be 
conducted during a short time frame. The contr 1 
(normal) test as described above vould be repeated 
after exercise or following the administration f 
pharmacologic stress agents to assess blood flow 
deficits or slower signal build up in low flow areas 
of the body. Such rest and stress protocols have been 
used for some time in nuclear medicine as the thallium 
(Tl-201) stress test. 

Typically, the inhalation of gases to provide the 
above ultrasound contrast will be for times suitable 
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f r ultrasound imaging, usually short periods, 
generally lass than about fiva minutes, but c uld be 
pr longed depending on the clinical application, .g./ 
monitoring of the return of tissue perfusion after a 
j period of ischemia. Conversely, one might inhale the 

gas mixture for a very short period of time in order 
to get transient type information such as first pass 
organ/tissue perfusion, etc. Therein it is envisioned 
that the gas or gas mixtures might be inhaled over 
broad time frames with the clinical use determining 
the individual administration protocol. 

It is to be understood that the invention is not 
to be limited to the exact details of operation or 
exact compositions or procedures shown or described. 
Obvious modifications and equivalents will be apparent 
to on« skilled in the art, and thm invention is 
therefore to b* limited only by the scope of the 
appended claims. 
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Claims 

1. The method f ultras und imaging of a vara 
bl oded animal comprising administering an 
ultrasound contrast agent comprising a 
pharmaceutical^ acceptable gas or mixture of gases 
in an ultrasound diagnostic amount for a period 
suitable to image and thereafter ultrasound imaging 
said animal, said gas or mixture of gases being 
capable of forming bubbles after administration of a 
size appropriate to enhance imaging in the arterial 
or arteriolar circulation and tissues supplied by 
said blood circulation. 

2. A composition for ultrasound imaging 
comprising a pharmaceutical ly acceptable gas or 
mixture of gases, said gas or mixture of gases being 
capable after administration of forming bubbles of a 
size appropriate to enhance imaging in the arterial 
or arteriolar circulation and tissues supplied by 
said blood circulation. 

3. The composition of claim 2 wherein the 
ultrasound said gas is xenon. 

4. The composition of claim 2 wherein said gas 
is ethylene. 

5. The composition of claim 2 wherein said gas 
is. nitrous oxide. 

6. The composition of claim 2 wherein said gas 
is sulfur hexafluoride. 
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7. The coapositi n f claim 2 wherein said gas 
is argon. 

8. The composition of claim 2 wherein said gas 
is selected from the group consisting of a 
perfluorocarbon gas. 

9. The composition of claim 5 wherein the 
agent additionally contains oxygen • 

10. The composition of claim 6 which 
additionally contains oxygen. 

11. The method of claim 1 wherein said gas is 
xenon or a mixture of xenon and oxygen. 

12. The method of claim 1 wherein said gas is 
ethylene or a mixture of ethylene and oxygen. 

13. The method of claim 1 wherein said gas is 
nitrous oxide or a mixture of nitrous oxide and 
oxygen. 

14. The method of claim 1 wherein said gas is 
sulfur hexaf luoride or a mixture of sulfur 
hexafluoride or oxygen. 

15. The method of claim 1 wherein said gas is 
argon or a mixture of argon and oxygen. 

16. The method of claim 1 wherein said gas is 
selected from the group consisting of 
perfluorocarbon gas and mixtures. 

17. The method of claim 1 wherein the 
ultrasound contrast gas procedure is used to image 
cardiac perfusion at rest and following exercise. 
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18. The method f claim 1 wherein th 
ultras und pr c dure utilizes the modes f 2D ech , 
doppler, color doppler or c lor mapping. 

19. The method of claim 1 wherein the 
ultrasound procedure is used to assess the perfusi n 
of any peripheral noncardiac organ or tissue both at 
rest and after exercise. 
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